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Background
In Switzerland, there are currently almost 418,000 sheep and 82,000 goats. This production activity has a high importance especially for small-scale farms and part-time farming in Swiss agriculture (Aepli and Jörin 2011) . About 20% of all Swiss farmers keep sheep or goats (SFSO 2012). The feeding system is mainly grassland based. Almost half of the sheep are grazing on summer pasture with increasing tendency during the last years (Kaulfers 2009 ). The production of these small ruminants contributes substantially to conservation of landscapes and diversity associated with Swiss and European agriculture (Dýrmundsson 2006) . For instance, grazing of summer pastures prevents the natural regrowth of shrubs and forests (Herzog et al. 2009 ). Preventing this forest regrowth is of high societal and political interest because this is associated with negative impacts on biodiversity and the valuation of mountain landscapes by people (e.g., Gellrich et al. 2007; Hunziker et al. 2008) . A recent investigation shows that this regrowth occurs particularly on steeper slopes and at higher elevations where cultivation costs are high and yield potential is low (Pellissier et al. 2012) . These are, however, exactly the plots that are either only suitable for small ruminant grazing or where this land use implies the smallest costs of cultivating these areas (e.g., Dux et al. 2009 ). Thus, even though the consumption levels of sheep and goat meat are currently small (1.3 kg per capita for sheep and goat meat, Proviande 2012), small ruminants play a decisive role in Swiss agriculture. This role is determined by consumers' decisions to buy sheep and goat meat. a Despite this relevance, there is no study that has addressed this question yet. b Switzerland as a high developed country is a particularly interesting case due to high production costs of farms for livestock and for crops on the one side (e.g., Lehmann et al. 2005; Lips et al. 2007; Raaflaub et al. 2005) and high purchase power of the consumers on the other side.
Against this background, the goal of this article is to identify the determinants of sheep and goat meat consumption in Switzerland. Sheep and goat farming are under great pressure in Switzerland as well as in the whole of Europe because of a decreasing demand, high imports from Oceania and a price drop in some countries in the recent past (Boutonnet 1999; Proviande 2013; Aepli and Jörin 2011 ).
An important reason for this consumption decline is the substitution with other types of meat like poultry and pork as well as fish (Dýrmundsson 2006; Jaquet et al.; . Such substitution was also observed in Switzerland (Aepli and Jörin, 2011) , where the consumer price for sheep meat increased by 30% since 2000, whereas the consumer price for poultry and fish has remained constant (SFSO, 2013) .
During the next years international competition will further increase and at the same time sheep and goat meat consumption may continue to decline (Dýrmundsson 2006; European Commission 2012) . Therefore, the understanding of the determinants of demand is crucial for the European sheep and goat meat production. The analysis of Swiss demand will give some useful information for the whole European market. Following recent studies (Abdulai 2002; Gallet 2009; Jaquet et al. 2000) , we focused our research on the following determinants affecting sheep and goat meat consumption: different meat prices (sheep and goat, beef, pork, chicken), fish price, total expenditure and expenditure for food, as well as households' characteristics like the presence of children and education. In addition, we are also able to account for within-country cultural differences determined by language regions in Switzerland. Estimating the relevance of these determinants will contribute to a better understanding of the driving forces of demand and will provide an empirical base for marketing activities.
We use data from the Swiss household expenditure survey covering monthly data for the period 2000-2005 with a total sample size of 20,940. Even though the use of detailed micro-data (i.e., highly disaggregated data with respect to time, product groups and households) is superior to other approaches (e.g., Akbay et al. 2007; Lazaridis 2003; Majumder et al. 2012; Thiele 2008) , we face two major methodological challenges when analyzing this household expenditure survey data for sheep and goat meat. First, many households do not purchase this kind of meat every month leading to a large share of zero observations. Second, no direct price data are provided in our data set. To overcome these problems we combine recently proposed approaches to a) avoid selection biases associated with zero consumption using Tobit regressions (e.g., Ma et al. 2006; Yimer 2011) , and b) we derive quality adjusted price levels at the household level using the approach proposed by Majumder et al. (2012) or regional market prices where available.
Methods
Zero-consumption provides important behavioral information and has significant economic and econometric implications. The behavior of zero-consumption facing budget restrictions and prices is a typical corner solution of a household's utility maximization problem (Perali and Chavas 2000) . This constitutes an econometric problem if food items are characterized by frequent zero-consumption, as it is the case for sheep and goat meat in Switzerland. As Deaton (1990) mentioned, a deletion of the zeroconsumption sample points could introduce bias and only allows to estimate conditional effects. To avoid selection bias we estimate a Tobit model (Tobin 1958; Amemiya 1984 Amemiya , 1973 Solon 2010) for censored regression which is widely used in singleequation models (e.g., Ma et al. 2006; Yimer 2011) and is of the following form:
Where X ij is a matrix consisting of k explanatory variables for the ith of n observations plus a vector of ones for the intercept term and β j is a vector of coefficients to be estimated with dimensions (k + 1) × 1. ε i 's are independently, identically and normally distributed random variables with zero mean and variance σ 2 , and Y i * represents the latent variable. The relationship between Y i * and Y i ' is defined as:
The Likelihood function for the observed sample of Y i 's is:
with I i = 0 for limited observations and I i = 1 otherwise. ϕ is the standard normal density function and Φ the cumulative counterpart. The parameters β and σ can be estimated consistently using maximum likelihood estimation. However, the maximum likelihood (ML) estimator is inconsistent and its use problematic if the assumptions of normality and homoscedasticity of the errors in the Tobit Model are violated (Amemiya 1984; Arabmazar and Schmidt 1981; Caudill and Mixon 2009; Li et al. 2007 ). To account for this high sensitivity of the ML estimator in the Tobit model with respect to the underlying assumptions, we corrected the standard errors with the Huber/White estimator (Huber 1967; White 1982) . Because the estimated coefficients of the Tobit-Model refer to the latent variable, marginal effects are additionally calculated, which represent the effects of the explanatory variables on the expected value of the dependent variable evaluated at the mean values of the explanatory variables. For beef, pork, veal and sheep and goat meat the Swiss Federal Office for Agriculture calculates monthly average consumer prices by regions which we take as market prices. For the other items (poultry meat and fish) missing information of price data were replaced using the approach presented in Majumder et al. (2012) who extended the approach of Cox and Wohlgenant (1986) . They proposed to adjust unit values for the impact of quality and use them as market prices (see also e.g., Park et al. 1996; Thiele 2010) . Unit values are obtained by dividing recorded expenditures for every household and food item by the corresponding quantity for every household. In contrast to the approach of Cox and Wohlgenant (1986) , Majumder et al. (2012) and Hoang (2009) used regionally aggregated quality adjusted unit values as market prices based on the quality adjusted unit values for every household which is consistent with the hypothesis that households are facing the same price in the same market. We enhanced the approach by additionally aggregating over month and years.
The quality effects are mainly induced by income or total expenditure and household characteristics and can be determined as the difference between the unit value paid by the household and the regional average unit value. Therefore, the following equation holds:
where v i hlym is the unit value paid by household h for item i in its region l, year y, and month m. For income, we include both income (x) and the square of income (x 2 ) to allow for a non-linear relationship between income and the unit value. e is the household food expenditure, f is the household expenditure for food consumed away from home (meals and beverages) and Z i j denotes the jth of n household characteristics. This includes the household size by adult equivalent, which is generated following the OECD-modified equivalence scale (Hagenaars et al. 1994 ). Furthermore, binary dummy variables for having children and for having a university degree are included. D i , D y and D m are dummies for region, year and month. We follow Majumder et al. (2012) and estimate equation (4) by using medians instead of means which is a more robust statistic with respect to outliers. Furthermore, we applied a robust M-estimator instead of ordinary least squares which limits the influence of outliers (see e.g., Finger 2013, for details). After estimating (4) for each item with a sub-sample of the households which consumed the item, the region-, monthly-, and yearly-wise quality adjusted prices p i are generated by adding the median unit value v i lym median for this item to the median of the estimated residuals from equation (4).
Thus, the calculated market prices assigned to each household account for the households' region as well as month and year.
Data and descriptive statistics
The data used in this study are taken from the Swiss household expenditure survey for the period 2000-2005 that was conducted by the Swiss Federal Statistic Office. The Swiss household expenditure survey consists of repeated cross-sectional data with a periodicity of one month. Approximately 3,000 households participate every year. They are chosen at random from the register of private telephone lines. The sample is stratified by the seven major regions of Switzerland. The distribution of individuals is matched by a calibration method to the known distribution of the population and the sample is therefore representative for the Swiss population (see SFSO 2011, for details). In addition to expenditures, quantities bought, and income, the dataset also includes several household characteristic variables (e.g. household size, age and sex of the head of household).
The explanatory variables included in our model are prices for sheep and goat meat, for pork, beef, chicken and fish, total household expenditure and household expenditure for food, c household characteristics like the presence of children (<=18 years) and education (having a university degree or not), and dummies for the regions of Switzerland. d The total sample availbale to our study consists of 20′940 households where 81.75% of the households did not consume sheep and goat meat during the recording period. Table 1 presents the 1% trimmed mean values for the expenditure variables and the region dummies including the quantity purchased, which is used to calculate the unit values in the first stage of quality adjusted prices. e Table 2 presents the results of pairwise t-tests to determine whether differences across regions with respect to expenditures (total and food) and sheep and goat consumption (consumption and expenditures) are significant.
The household data show that monthly expenditure in the French-speaking part of Switzerland for sheep and goat meat is with 6.48 Swiss francs significantly higher than in the German-speaking part of Switzerland, showing an average consumption of 3.05 Swiss francs per month. Households in the Italian speaking part of Switzerland spend statistically more on food in general but do not spend more on sheep and goat meat than households in the German speaking part of Switzerland.
Results and Discussion
Estimations of the Tobit-model are presented in Table 3 . It shows that, as expected, rising prices for sheep and goat meat lead to a decline in its demand. Furthermore, we find sheep and goat meat to be substitutes to other meat. More specifically, an additional unit on price of pork would increase the household demand for sheep and goat meat by 0.38 units. In contrast, the negative sign for beef prices indicates that households facing a one unit lower beef price spend 0.20 units more on sheep and goat meat than households facing the higher beef price. In contrast, no significant influence of fish and chicken price levels on sheep and goat meat consumption has been found. The finding that pork meat is a good substitute for sheep and goat meat is consistent with the conclusions in Jaquet et al. (2000) who estimated a linearized Almost Ideal Demand System to calculate price and income elasticities based on household expenditure data for Switzerland of 1998. In contrast to pork, the model estimates suggest that beef is a complementary good. These findings are in agreement with Tiffin et al. (2011) , who estimated price elasticities for UK. We included also the price for fish and chicken in the model due to previous research of Jaquet et al. (2000) who reported relatively high substitution elasticity for Switzerland between sheep and goat meat and fish and chicken meat, respectively. In contrast to the previous findings we were not able to show that the prices of these two meat categories have a significant effect on the household expenditure for sheep and goat meat. Schluep Campo (2004) analyzed Swiss meat demand at the wholesale level using time series data for the time period January 1996 to December 2002 with a semiflexible Almost Ideal Demand System for sheep, beef, pork and poultry. With respect to sheep meat, she reported positive compensated price elasticities for poultry and pork but compensated price elasticities of almost zero for meat. This thus supports our findings that pork is a substitute for sheep meat while beef tends to be a complementary good.
The influence of the expenditure (total, food and meat) is highly significant. We find households with higher total expenditure or higher expenditure for food, to spend more on sheep and goat meat. This implies positive income elasticity for sheep and goat meat.
Furthermore, socio-demographic variables are found to be significant in affecting consumer demand for sheep and goat meat. This is consistent with other research findings (Dhraief et al. 2012; Gao and Spreen 1994; Lazaridis 2003) . For the presence of children, the sign is negative; indicating that households with children consume a lower amount of sheep and goat meat f . The marginal rate indicates a decrease in sheep and goat meat expenditure by -2.37 CHF. Children have less strong preferences for sheep and goat meat. This is consistent with the results of a study for sheep meat consumption in Spain (Sepúlveda et al. 2011 )which probably also holds for goat meatstating that young people consume sheep meat less frequently than older people, which may be caused by the influence of stereotypes, unfamiliarity and the strong flavor of sheep and goat meat (Karakuş 2006) .
In contrast, education has been found to have a positive influence on sheep and goat meat consumption. If the head of the household has a university degree, the household spends a 1.6 CHF more on sheep and goat meat. The revealed influence of education on demand is in expectation with the findings of previous studies on meat consumption. Educational attainment is a main determinant in food consumption choices and is positively correlated with healthy dietary intake (Moreira and Padrão 2004) . Sheep and goat meat has several health benefits in comparison to other red meat, especially if the animals are reared under extensive conditions on natural pastures like in Switzerland (zur Hausen 2012; Polidori et al. 2011) , which also potentially coincides with advantages with respect to environmental impacts and animal welfare (Stott et al. 2005) . As education is positively correlated with the awareness of these aspects associated with food consumption (Daniel et al. 2011; Monaco Bissonnette and Contento 2001) , households with a better educated household head tend to have a higher demand for sheep and goat meat.
Regional differences in sheep and goat meat consumption pattern in Switzerland are significant, especially for the French-speaking part of Switzerland in comparison to the German-part of Switzerland. Accounting for all the influences of the other variables in our regression, the marginal rates are 3.17 and -0.83 for the French-speaking and Italianspeaking part, respectively. This confirms earlier research showing that sheep and goat meat shows high level of spatial heterogeneity (e.g. in Aepli 2013) , which is expected to be caused by different consumer attitudes towards sheep and goat meat (Sañudo et al. 2007 ) based on different cultural and traditional backgrounds (Karakuş 2006) .
Conclusions
Our results suggest that prices for different meat categories, expenditure as well as different household characteristics and regional aspects are predominant factors determining the demand for sheep and goat meat in Switzerland. The coefficients in our Tobit model are all, except of the price for chicken and fish, statistically significant. Our results confirm earlier research that sheep and goat meat is a substitute to chicken and pork, but is complementary to beef. Our results allow some insights how to cope with future challenges for sheep and goat production in Switzerland. For instance, the positive sign for the French-speaking part of Switzerland implies that marketing activities should be especially focused on this area, where sheep and goat meat consumption is traditionally higher and well accepted by the consumers (LID 2000). One of the major challenges for Swiss sheep and goat producer will be price reductions resulting from trade liberalization between Switzerland and the European Union on the one hand and trade liberalization as a result of WTO negotiation on the other hand. Switzerland still has a highly restrictive border protection for agricultural products. This is particularly the case for meat, where the border protection consists of tariff-rate quotas. In the case of sheep and goat meat the quota is always exhausted. Above-quota imports are currently scarce, because the over-quota tariff is so high that it has normally a prohibitive effect on trade (Jörin and Lengwiler 2004) . Thus, a relaxation of the highly restrictive tariff-rate quota along with liberalization steps, would probably lead imports to rise quickly (Schluep Campo 2004, Aepli and Jörin 2011) . But, earlier research has also shown that Swiss consumers are willing to pay higher prices for highquality and domestically produced products (Bolliger 2012) . Thus, the here indicated effects may offer a high-quality strategy as a potential path for Swiss sheep and goat producers. Our results suggest, for instance, that an improved communication of potential health and environmental benefits may help to cope with future challenges. But, a more detailed understanding of the determinants of demand is a core issue to intensify and tailor marketing activities and prevent Swiss as well as other European producers to suffer from a sharp price decline after a reduction of trade barriers. In addition, higher prices will encourage the production of small ruminant which could have direct positive effects on conservation of landscapes and biodiversity especially for summer pastures, which should be addressed in further research.
Endnotes a Compared to other types of meat, sheep and goat meat have both a pronounced flavor. In comparison to sheep meat, goat meat tends to be darker red with a coarser texture (Webb et al. 2005, Gaili and Aili 1985) . b Along these lines, there are in general little research available identifying determinants of sheep and goat consumption (see e.g., Juma et al. (2010) or Bernabéu et al. (2012) for exceptions). c Due to relatively low correlation between total expenditure and expenditure for food we included both variables in the model. d We first estimated the model with the factor variable month to capture seasonality.
Since we calculate monthly prices for the meat categories there has been some multicollinearity between the variable month and the prices. Seasonality is partly captured by the price variables. We therefore decided to estimate the model without the variable month. e This method removes 1% of the largest and the smallest values before calculating the mean. We decided to use the trimmed mean instead of the normal mean, because we detect some outliers in the sample and this method is more robust with respect to possible outliers. f We started with a model also including household size. Due to some correlation of the variables especially between household size and the dummy for children, we tested the model in several specifications. In every specification the coefficients have the same sign, almost the same magnitude and significance. The qualitative interpretation remains the same.
